Two peptide hydrolases have been found in pea seeds (Pisum sativum var. Greenfeast) and extensively purified by ion exdchage chromatography using beazoyl-DL-argiaine-p-nitroaniide as substrate. The enzymes which both have molecular weights of 65,000 can be separated by anion exchange chromatography but are otherwise virtually identical in the properties tested. They did not hydrolyze several common protease substrates but readily hydrolyzed small peptides containing basic amino acids on the carboxyl side of these residues. They are completely inhibited by diisopropylfluorophosphate and are inhibited to varying extents by thiol reagents.
The seeds of various plants are useful sources of dietary protein and those of legumes are particularly good in this respect. The bulk of the proteins of legume seeds are storage proteins, and these are mobilized by enzymic hydrolysis during germination of the seed providing a source of amino acids for the embryonic plant.
An understanding of the processes involved in the mobilization of the storage proteins would be useful information for plant geneticists aiming to improve the quality of these proteins. To this end it will be first necessary to characterize the proteinases and peptidases involved in this enzymic hydrolysis. Proteinases and peptidases have been partially purified from a number of plant seeds (1, 3, 9, 14, 20, 22, 28) , but as yet no such enzymes have been purified from legume seeds to an extent sufficient for characterization with the exception of the aminopeptidases from pea (9) . This paper describes the isolation from pea seeds of two peptide hydrolases active against the trypsin substrate BAPA' and their extensive purification and characterization.
MATERIALS AND METHODS Peas (Pisum sativum var. Greenfeast) were purchased from Brunnings Ltd., Melbourne, Australia. Broad beans (Vicis faba) and soybeans (Glycine max) were supplied by the CSIRO Divisions of Plant Industry and Tropical Agronomy, respectively. Malted wheat was a gift from Joe White, Maltings Ltd., Melbourne, Australia BAPAase Activity. Activity against BAPA was estimated by a slight modification of method 2 of Erlanger et al. (10) . A suitable aliquot of enzyme was incubated for 30 min at 37 C in 0.05 M phosphate, pH 6 (final volume 2 ml), containing 1 mm BAPA. The reaction was stopped with 20% acetic acid (0.5 ml), and the absorbance at 410 nm was measured. The extinction coefficient for p-nitroaniline under these conditions was found to be 9650 M-1 cm-'. When the reaction mixture was turbid, the p-nitroaniline was extracted into an equal volume of ethyl acetate and the absorbance at 385 nm was measured (27) . A unit of activity was defined as that amount of enzyme which hydrolyzed 1 ,umole of BAPA/min. The assay was carried out at pH 6, the pH of maximum stability of the enzyme.
Aminopeptidase Activity. Aminopeptidase activity was followed during the purification using alanine-p-nitroanilide as substrate, the other conditions being as described for BAPAase activity except that the pH was 6.8. In examining the final enzyme preparations for traces of aminopeptidase activity, 1 mM amino acid 3-naphthylamides were used with a 2-hr incubation. The liberated f3-naphthylamine was coupled to Fast Garnet GBC at pH 4.5, and the absorbance at 520 nm was measured (21) .
Carboxypeptidase Activity. Benzyloxycarbonylglycyl amino acids (1 mM) were used as substrates during 4-hr incubations in 0.05 M potassium phosphate, pH 7, at 37 C. The extent of hyrolysis was estimated by a colorimetric ninhydrin procedure (25) .
Proteinase Activity. Activity against casein (17) was used as an indication of proteinase activity. An enzyme aliquot in 0.05 M phosphate, pH (final volume 2 ml), containing 20 mg of casein was incubated for 2 hr at 37 C. The reaction was stopped with 5% trichloroacetic acid (3 ml), and after 30 min the precipitated protein was filtered off and the absorbance at 276 nm was measured. The SCM-proteins and the lupin globulin preparation were tested in the same way; when salmine was tested as a potential substrate the extent of hydrolysis was measured by the colorimetric ninhydrin procedure (25) .
Peptide Hydrolysis. The peptide (2 mM) in 0.04 M phosphate, pH 7 (0.25 ml), was incubated with enzyme solution (0.05 unit) for 4 to 24 hr at 37 C. The extent of hydrolysis was qualitatively assessed using high voltage electrophoresis at pH 3.5 on Whatman No. 3MM paper (23) . In the case of the peptide f8-naphthylamides, liberated f-naphthylamine was determined with Fast Garnet GBC in the usual way (21) .
Protein Assay. Protein concentration was monitored during the purification by measurement of the absorbance at 276 nm. When specific activity measurements were being made, the method of Lowry et al. (19) was used with BSA as standard.
Polyacrylamide Gel Electrophoresis. Discontinuous polyacrylamide gel electrophoresis was carried out using the method of Davis (8) The initial velocities were estimated from the traces so obtained, and the Km was determined using the Lineweaver Burk equation (18) .
RESULTS
BAPAase Levels during Germination. The total BAPAase activity was virtually unchanged in extracts of peas which had been allowed to germinate for up to 11 days, and comparable levels of activity were also obtained after germination in the presence of actinomycin D or cycloheximide, inhibitors of RNA and protein synthesis, respectively. That the enzymes are probably present in active form in the dry peas was shown by extraction of a dry powder prepared from peas without the normal overnight soaking.
Purification of Enzymes. Peas (500 g) were freed from fungicide by washing in 95% methanol for 3 min, rinsed in distilled H20, and then soaked overnight in H20 at 4 C. All subsequent procedures were carried out at 4 C. The peas were homogenized in a Waring Blendor with 0.01 M.tris-HCl, pH 7.4 (1700 ml), and the homogenate was filtered and centrifuged, giving approximately 1900 ml of crude extract (fraction 1, 1) into two peaks, BAPAase I and II, eluting between 0.075 M and 0.1 M KCl, both of these being almost completely separated from the aminopeptidase activity. Fractions corresponding to the two peaks of BAPAase activity were pooled and concentrated to give BAPAase I (90-98) and BAPA-ase II (109-117). These preparations (fraction 6) were used in all subsequent experiments unless otherwise indicated.
The preparations were examined by discontinuous polyacrylamide gel electrophoresis. Both BAPAase I and II gave a number of protein bands including one major band common to both preparations. However the BAPAase activity (indicated in the gel by activity against BANA) was not associated with this major band but was a diffuse band, with the same mobility for BAPAase I and II, which could not be correllated with any one protein band.
Crude extracts of other seeds were prepared by the same method as described above for peas.
pH Optinta of Enzymes. Specificity. Proteinase activity, as indicated by digestion of casein, was monitored during the purification and found to be clearly separated from the BAPAase activity by the first DEAEcolumn. The final preparations, BAPAases I and II, also had no detectable proteinase activity when incubated with the following proteins: SCM-BSA, SCM-fowl feather keratin, salmine (the arginine-rich protamine from salmon), and a lupin globulin prepration.
Three aminopeptidases have been shown to be present in pea extracts (9) and their absence in the BAPAase preparations was demonstrated by their failure to hydrolyze the j8-naphthylamides of glycine, alanine, leucine, phenylalanine, methionine, proline, glutamic acid, and lysine. Arginine 13-naphthylamide was hydrolyzed to a very small extent. Carboxypeptidase substrates tested and not hydrolyzed were hippuryl-Gly-Gly, Z-Gly-Ala, Z-GlyLeu, Z-Gly-Phe, Z-Gly-Tyr, Z-Gly-Trp, Z-Gly-Glu, hippuryl- Lys, and hippuryl-Arg. These results indicate that there is no exopeptidase activity in these preparations.
BAPAases from peanut (5) and soybean (14) Table I ). Protein concentration, A276 ( ); BAPAase activity, A410
(--); activity against alanine-p-nitroanilide, A410 (----); KCI concentration (--); fraction size: 5 ml. 'Activity against BAPA was determined by normal assay at pH 6 after a preincubation carried out under conditions listed in the table and is expressed as a percentage of the activity present in the absence of inhibitor. Preincubations at pH 8 were carried out at low volume to allow for adjustment back to pH 6 and a volume of 2 ml for the assay. Approximately 0.04 unit of activity was used. 2 Room temperature. 3 Not determined.
The nonbasic peptides Ile-Val-Gly and Leu-Thr-Gly were also cleaved, and in each case it was the N-terminal amino acid that was cleaved off as shown by end group analysis by dansylation (12) . DISCUSSION Using as substrate BAPA, two enzymes BAPAase I and BAPAase II have been isolated and extensively purified from pea seeds. These enzymes can be separated by chromatography on DEAE-cellulose at pH 7.4 but apart from this they are similar. Neither of the enzyme preparations was pure as shown by the criterion of analytical polyacrylamide gel electrophoresis, but they were virtually free of other proteinase and peptidase activities. Two BAPAases have also been found in peanut (20) .
An attempt at further purification of the enzymes by affinity chromatography was made following the observation that BAPAase activity was inhibited by salmine (Table II) . Using a partially purified preparation a significant increase in specific activity was obtained after elution of BAPAase from salmineSepharose with pH 5 buffer; also the BAPAase activity was clearly separated from an aminopeptidase present in this preparation. However, the enzyme was still far from pure, as shown by polyacrylamide gel electrophoresis, and as the recovery from the column was very low, this approach was not pursued further.
BAPAases I and II both gave mol wt of 65,000 daltons on a calibrated Sephadex column; the Michaelis constants were determined to be 45 /.M and 30 /LM, respectively. Their behavior with a number of common inhibitors of proteinase and peptidase activity (Table 11) suggests that they are serine peptidases with requirement for a thiol group in the molecule. Other peptidases with this same pattern of inhibition have recently been described (11, 13, 15, 26) . No requirement for metal ions was demonstrated.
The enzymes are not inhibited by several protein inhibitors of trypsin but are significantly activated by them. A similar level of activation was obtained with BSA suggesting that this is a nonspecific effect.
Assays using a number of common protein substrates showed no endopeptidase activity in either enzyme so that there is little doubt that the two BAPAases are not proteinases but peptide hydrolases. Seventeen small peptides and peptide f8-naphthylamides were tested as potential substrates (Table III) . Both enzymes hydrolyzed peptides on the carboxyl side of basic amino acids that were not N-terminal, and appeared to have no intrinsic aminopeptidase activity. The small amount of hydrolysis of arginine-,3-naphthylamide was taken to be due to traces of an arginine specific aminopeptidase. The situation was complicated further by the hydrolysis observed with the tripeptides Leu-ThrGly (after Leu) and Ile-Val-Gly (after Ile), but it seems probable that this was due to traces of aminopeptidase not detected by assays using amino acid f3-naphthylamides, as otherwise one might have expected hat Gly-Phe-NA would also be hydrolyzed.
The two BAPAases from pea seem to be typical of those isolated from other plants. The (14) , 59,000 for the wheat enzyme (16) and 60,000 for both peanut enzymes (20) .
The behavior of the various BAPAases described suggests that these enzymes from plant seeds are all of the "active serine" type with a requirement for a thiol group. Thus the pea, soybean, vetch, and wheat enzymes all show a similar pattern of inhibition with thiol reagents while the pea, broad bean, soybean, wheat (3) , and peanut (20) enzymes are all inhibited by DFP. Unfortunately no BAPAase has been purified sufficiently to allow a definitive study of specificity although it has been clearly demonstrated that these enzymes have no proteolytic activity (4-6, 14, 16, 28 ). It appears from the present study and that on the vetch enzyme that the BAPAases are specific for small peptides containing basic amino acids and cleave them on the carboxyl side of the basic residue. The reported wider specificities for other BAPAases (6, 14, 22, 24) are probably due to the presence of other peptidases. The pea BAPAases can be extracted from seeds even after H20 imbibition in the presence of actinomycin D or cycloheximide, inhibitors of RNA and protein synthesis, respectively, suggesting that the enzymes are present, in potentially active form, in the dormant seed. The function of the BAPAases in the metabolism of plants is at present obscure and further advances in this field will require a more complete knowledge of their substrate specificity and perhaps, also, knowledge of the specificity of the proteinases of seeds.
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